In this paper we present the results of a study of the mean-square displacement of a Brownian particle in a harmonic potential and of a Brownian particle in shear flow. We have focused on the long-time behavior of the mean-square displacement. In contrast with earlier results, presented by others who studied the Stokes limit of these problems, we have studied this problem using the time-dependent linearized incompressible Navier-Stokes equations to describe the fluid motion. Then we see that the mean-square displacement is strongly influenced by backflow effects in the fluid, resulting, among other things, in long-time tails of correlation functions. We have compared our results with those calculated in the Stokes limit; important differences exist between them. The main differences are the long-time tails in correlation functions and, related with them, the larger time scales that should be considered to obtain diffusive behavior in the case of a Brownian particle in a harmonic potential or to obtain the cubic regime in the mean-square displacement of a Brownian particle in shear flow. Furthermore, we have studied the velocity autocorrelation function of a Brownian particle in a harmonic potential. In the overdamped case we have shown a~' long-time tail instead of the exponential tail that can be obtained in the Stokes limit. Also the sign of both tails differ. PACS number(s): 47.15.Gf, 05.40. +j
I. INTRODUCTION The theory of Brownian motion has been and still is a field of intensive research. There are many examples of present-day research. We can think of the effect of Brownian motion on the behavior of the low-shear-rate effective viscosity of suspensions which has been studied theoretically by, e. g., Batchelor [1] . Some other aspects of present-day research have already been mentioned by the authors in preceding articles such as the study of the translational and rotational self-diffusion coefficient (see introduction and references in [2, 3] ). Also much experimental research has been performed such as measurements of the time-dependent diffusion coefficient of Brownian particles by Weitz et al. [4] . In the field of computational physics a subdiscipline has been developed called Brownian dynamics [5] . This is a moleculardynamics-like method to determine the trajectories of Brownian particles. With this method a system of Brownian particles can be simulated. In this article we present some results of a study of correlation functions of Brownian particles immersed in an unbounded Quid.
First we shall consider the position and velocity correlation functions of a Brownian particle in a harmonic potential. Then we shall consider position correlation functions of a Brownian particle in an externally imposed shear How. The mean-square displacement of these particles, under the circumstances described above, can be studied, and in connection with it the diffusion of the Brownian particles if a diffusional regime exists. For the moment we assume that hydrodynamic interactions are absent. Before we come to these points we give a short historical review. In [9] . Much work on the general theory of
Brownian motion has been reviewed by Chandrasekhar [10] and Wang and Uhlenbeck [11] .
In the 1960s several publications concerning computer simulations to study the behavior of Quid molecules were published. Both Rahman [12, 13] and Alder and Wainwright [14 -16] [19] (see in this context also Ref. [20] [4] . In the limit of large r we obtain the familiar result 0'(t ) =2Dot
Since that time several other authors have also studied this kind of problem [22 -24] as well as the rotational counterpart of this function [25 -27] . Ailawadi and Berne showed the following long-time behavior of the angular velocity autocorrelation function [25] :
P"(&)=c(rs) '" rs»1, (1.12) with, in the case of spherical particles,~z = -",~z . Finally we want to remark that these long-time tails in correla- omit the vector notation. The Brownian particle has velocity U(t) if t )0, and is assumed to be at rest if t~0 . They used a generalized Faxen theorem and obtained [32] (R(co)R *(co') ) =4~k' T5(~co')(g+ -, 'z-&2icoi )
-: 2~O(i~i )5(~-') (2.6) From the properties of the equation above we can conclude that the random force autocorrelation function has the following form:
(R(t, )R(r, ))=0(ir, -r, i) . 
The function erfc(z) is the complementary error function as defined in [35] . The exp(a r)erfc(a&~) [38] .
We In the derivation of Eq. (3.10) we have used the property of the random forces that cross correlations are zero [32] . We have been able to extend the theory of Brownian motion, including backflow effects, to the case of a Brownian particle in a harmonic potentia1 and of a Brownian particle in an externally imposed shear flow. A significant point is that these two problems can be studied by using the same mathematical tools as used for the free-Brownian-particle problem. These tools are also useful for the study of a Brownian particle in a combined shear flow and harmonic potential, although we have not demonstrated this explicitly. An important conclusion from this chapter is that the mean-square displacement, 
